Role of histidine 95 on pH gating of the cardiac gap junction protein connexin43.
We have studied the role of histidine 95 (H95) on the pH gating of the cardiac gap junction protein connexin43 (Cx43). Wild-type and mutant rat cardiac Cx43 channels were expressed in antisense-injected Xenopus oocytes. Junctional conductance was measured using the dual voltage-clamp technique, and intracellular acidification was induced by superfusion with a sodium acetate-containing solution balanced at a pH of 6.2. H95 was substituted by other amino acids by use of oligonucleotide-directed site-specific mutagenesis. Replacing H95 for the hydrophobic residues methionine or phenylalanine, for the charged basic residue arginine, or for the noncharged residue glutamine (H95Q) yielded nonfunctional channels. Functional expression of H95Q was rescued by placing a histidine residue in position 93 (H95Q-L93H), 94 (H95Q-A94H), or 97 (H95Q-F97H) but not in position 96. Further experiments showed that replacing H95 with either aspartate (an acidic residue) or tyrosine (a polar uncharged residue) led to the expression of functional channels with a reduced susceptibility to acidification-induced uncoupling, whereas lysine (a basic residue) was more susceptible to uncoupling than the wild-type protein. The susceptibility to acidification-induced uncoupling was enhanced for the H95Q-A94H mutant when compared with the wild-type mutant, but it was significantly reduced when histidine was placed at position 93 (H95Q-L93H). Our data indicate that a properly placed histidine residue is an important structural element for functional expression as well as for pH regulation of Cx43. The results suggest that the importance of H95 on pH gating may be associated with a possible protonation of this residue on acidification of the intracellular environment.(ABSTRACT TRUNCATED AT 250 WORDS)